We investigated a new method for the establishment of dwarf Napiergrass by covering stem cuttings with soil in the winter season analogously to summer establishment in sugarcane. Three experiments were conducted, including measuring the labor involved in plant establishment, and an extension study was applied to livestock producers' fields in two locations. Using this technique, we obtained an emerged plant density of over two plants/m 2 . Moreover, this proved a simple and labor-saving method compared with manual or mechanical transplanting. Sowing of Italian ryegrass at the same time as covering cuttings of dwarf Napiergrass with soil could control spring weed growth without disturbing the emergence of dwarf Napiergrass, suggesting the feasibility of a double-cropping forage production system in the region.
Introduction
A dwarf variety of the late-heading type of Napiergrass (Pennisetum purpureum Schumach) shows high winter survival in northern [1, 2] and southern [3, 4] Kyushu, Japan. This grass can yield dry matter (DM) at 20 t/ha in the second year after establishment [1] . At the current experimental sites, dwarf Napiergrass is cultivated as a perennial species and it can be incorporated into the cropping system with winter annual Italian ryegrass (Lolium multiflorum Lam, IR). Therefore, a summer crop of dwarf Napiergrass has been cultivated for several years without the need for replanting, with IR oversown into the interrow space in late autumn, every year. We revealed that dwarf Napiergrass is a promising tropical grass for beef cow-calf producers in these regions [1, 5] . However, currently, dwarf Napiergrass consists of a single genotype, and no selection or breeding of this genotype has been conducted yet in the current site.
According to previous research, dwarf Napiergrass can be utilized not only under a cut-and-carry system [5] , but also in silage processing [1, 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] and under grazing management [5, [15] [16] [17] [18] because of its herbage quality, which is not so low as ordinary tropical grasses such as guineagrass (Panicum maximum) and sudangrass (Sorghum sudanense) [1, 2, 19] . Moreover, the nutritive value of dwarf Napiergrass was the highest among genotypes of Napiergrass [20] [21] [22] [23] [24] . However, since dwarf Napiergrass produces almost no viable seed, transplanting nursery plants by hand has been the sole method of establishment. Manual transplanting is hard work, requiring bending at the waist, and therefore cannot be easily adopted, especially for aged beef cow-calf producers. Moreover, the planting season is ordinarily from spring to summer, when farming operations are especially busy, so it is difficult to dedicate the time to transplanting vegetation without overlapping with other farming operations. Sollenberger et al. [25] developed a means for mechanical transplanting using a prototype semi-automated Napiergrass planter that a worker could ride to set out nursery plants. Utamy et al. [26] reported completing the entire process of nursery production and establishment of dwarf Napiergrass, from preparation of stem cuttings based on aerial tiller buds, to cell-tray culture in a glasshouse over winter, performing mechanical transplanting using a Welsh onion planter. Murata et al. [27] also reported that cell-tray nursery plants of dwarf Napiergrass can be transplanted by a vegetable or potato planter. This planting method led to reduced labor compared to a manual method [27] . Therefore, a mechanical transplanting method must be developed for cell-tray nursery plants, as along with a machine suitable for transplanting them, to reduce labor intensity such as the bending at the waist required by the manual method. Maruta et al. [27] also developed a way to transplant dwarf Napiergrass by hand scattering and soil packing of cell-tray nursery plants, although the field transplanting method depends on soil moisture conditions, and would only be successful before a rainy day.
In trials of underground storage of stem sections of dwarf Napiergrass, Iki et al. [28] reported that storage of ten-node stem sections planted at depths of 25 and 40 cm achieved an emergence of 80%, higher than at 10 cm or the emergence of one-node sections at any planting depth. Napiergrass is established in a manner similar to that used for sugarcane (Saccharum officinarum L.) [29] , which is usually produced from stem cuttings called setts, with each node having the potential to grow a new plant. Sugarcane shoots grow from underground nodes, and the axillary buds at these nodes give rise to tillers [30] . Sugarcane is usually established by placing setts underground during the period from spring to summer in Japan.
Thus, by applying the method used for sugarcane while placing setts underground in the modified late-autumn season when the axillary buds of Napiergrass mature, we aimed to develop a labor-saving method of establishing dwarf Napiergrass by planting stem cuttings with soil in the winter season when farming operations are generally limited.
Materials and Methods

Grass Species, Experiment Design and Site Description
The dwarf variety of a late-heading type of Napiergrass (Pennisetum purpureum Schumach) was derived from material brought from Florida, USA via Thailand to the University of Miyazaki, Japan in 1996 [3, 31] , and the variety was introduced by the University of Miyazaki to Nagasaki Prefecture, Japan in 2002. After this variety was introduced at the University of Miyazaki, it was maintained in field conditions without any genetic improvement. The plant shape is quite similar to the variety "Mott". The origin of this dwarf Napiergrass has already been reported [31] . This variety was examined for feasibility of propagation from cuttings planted in the field at the Livestock Research Division, Nagasaki Agricultural and Forestry Technical Development Center in Shimabara, Nagasaki (32 • In Experiment 1, to determine the feasibility of using stem-cuttings planted in the field for propagation of dwarf Napiergrass in the winter season, compared with the conventional method of plant establishment, we investigated the missing plant rate and density of plants that emerged in the spring after planting in late November using our cultivation method. Moreover, we measured labor, in terms of both time and number of people required, compared with the manual method. Labor was based on all activities from furrowing to placing and covering stem cuttings with soil. The labor for the manual establishment method was measured for transplanting rooted tillers of dwarf Napiergrass at 2 plants/m 2 with 1 m interrow and 0.5 m intrarow spacing into 500 m 2 on 24 May 2013, performed in the manner described in our previous study [9, 10] .
In Experiment 2, we investigated the feasibility of field propagation in more detail by determining the optimum timing and depth of planting of stem cuttings horizontally with and without concurrent In Experiment 3, we extended the cutting propagation technique to two sites of beef cow-calf producers, one on a remote island in Miraku, Goto, Nagasaki Prefecture (32 • 56 N, 130 • 20 E, about 10 m a.s.l.), referred to here as Goto, and the other on Kyushu Island in Konagai, Isahaya, Nagasaki Prefecture (32 • 56 N, 130 • 9 E, about 200 m a.s.l.), referred to here as Isahaya. We examined the missing plant rate and plant density in the spring after planting in early December.
General Protocol for Winter Field Propagation of Cuttings of Dwarf Napiergrass
A flow chart of the propagation of cuttings of dwarf Napiergrass in the winter season is presented in Figure 1 . Stem cuttings of hardened elongated internodes of dwarf Napiergrass were obtained by defoliating leafage using a hand cutter during the period from late November to December. Therefore, one stem cutting typically had more than 10 nodes. We furrowed to a 10 cm depth with 1 m interrow spacing, where we placed stem cuttings and covered them with soil. Thereafter, IR was sown by broadcasting at 2 g/m 2 without pressing the soil with a land roller to avoid the risk of exposing stem cuttings above the ground. IR was harvested three times monthly from April to June, after which dwarf Napiergrass would emerge to complete the grassland establishment. 
Plant Growth and DM Yield
Plant height of both IR and dwarf Napiergrass was determined at harvest, when plants were defoliated at 10 cm above the ground surface in a 1 m square with three replications. A random sampling method was applied by throwing a quadrat to fall at random within the site. The DM weight of each grass was determined after oven-drying at 70 °C for 72 h to calculate DM yield.
Meteorological Conditions
Changes in monthly meteorological parameters are shown in Figure 2 for the daily mean air temperature and precipitation during the current experiment in 2014-2016 and in a normal year, defined as the average over the period 1980-2010, based on data from the Nagasaki Local Meteorological Observatory. Daily mean temperature in the current experimental year was almost the same or slightly higher than in a normal year at both the Shimabara and Goto sites. Monthly precipitation was almost the same as or higher than that in a normal year, except for the extremely low precipitation in February and August 2015 at the Shimabara site, and in February 2016 at the Goto site.
Statistical Analysis
Data were analyzed by one-way analysis of variance, using StatView for Windows software ver. 5.0 (SAS Institute Inc., Cary, NC, USA) for Experiments 1-3. Differences between means were evaluated at 5% probability using a Tukey-Kramer procedure. [Month]
[Event]
Mid-November to mid-December Defoliation by hand cutter
Harvest of stem cuttings The experimental plot area was 34 m 2 (2 m × 17 m) and was established in a randomized complete block design with three replications. Stem cuttings of dwarf Napiergrass were placed underground at a 10 cm depth (IR-10 cm plot) and IR was sown at 2 g/m 2 on 22 November 2014 and on 16 November 2015, respectively. Chemical compound fertilizer with 10 g/m 2 each of N, P 2 O 5 and K 2 O was top-dressed at sowing and was top-dressed again after the first and second harvest with 5 g/m 2 of both N and K 2 O. After the third harvest of IR, we examined the dwarf Napiergrass missing plant rate and plant density the following spring. The missing plant rate was the percentage of cuttings that failed to sprout new growth and was determined by the sum of the length of missing plants where the missing length was longer than 1 m, divided by row length (17 m) and multiplied by 100.
Time and Depth of Planting in 2015-2016 (Experiment 2)
A second set of stem cuttings of dwarf Napiergrass were placed underground at a depth of 10 cm on 16 November 2015. In one plot (IR-10 cm plot), IR was sown at 2 g/m 2 , and in a control plot, no IR was sown. Stem cuttings were placed in rows with a 20 cm depth on 1 December 2015, at the same time as IR was sown (IR-20 cm plot). The DM yield of IR was investigated for both the IR-10 cm and IR-20 cm plots and weed DM was determined for the control plot. Fertilizer application and the determination of the missing plant rate, assessed after the third harvest of IR, were the same as in Experiment 1.
Extended Field Experiment in 2015-2016 (Experiment 3)
A practical field experiment for propagation of dwarf Napiergrass by cuttings in the winter season was conducted at Isahaya, with planting on 2 December 2015, and at Goto, with planting on 8 December 2015. After the third harvest of IR, the missing plant rate and emerged plant density of dwarf Napiergrass were investigated by the same procedure as in Experiment 1.
Plant Growth and DM Yield
Plant height of both IR and dwarf Napiergrass was determined at harvest, when plants were defoliated at 10 cm above the ground surface in a 1 m square with three replications. A random sampling method was applied by throwing a quadrat to fall at random within the site. The DM weight of each grass was determined after oven-drying at 70 • C for 72 h to calculate DM yield.
Meteorological Conditions
Changes in monthly meteorological parameters are shown in Figure 2 for the daily mean air temperature and precipitation during the current experiment in 2014-2016 and in a normal year, defined as the average over the period 1980-2010, based on data from the Nagasaki Local Meteorological Observatory. Daily mean temperature in the current experimental year was almost the same or slightly higher than in a normal year at both the Shimabara and Goto sites. Monthly precipitation was almost the same as or higher than that in a normal year, except for the extremely low precipitation in February and August 2015 at the Shimabara site, and in February 2016 at the Goto site. 
Results
Effect of Planting Depth and Planting Site
The missing plant rate and plant density in the following spring are shown in Table 1 for the propagation of cuttings of dwarf Napiergrass in the winter season. The missing plant rate was 6.8% in 2015 and 8.1% in 2016 in Shimabara, where the planting depth was fixed at 10 cm. On the other hand, the missing plant rate at a 20 cm depth was 37%, which was four times that at a 10 cm depth.
The missing plant rate in the extended producer's fields at Goto (10 m a.s.l.) and Isahaya (200 m a.s.l.) at a 10 cm depth was 7.3% and 17.6%, respectively. The emerged plant density across the three sites was maintained above 2 plants/m 2 . 
Statistical Analysis
Data were analyzed by one-way analysis of variance, using StatView for Windows software ver. 5.0 (SAS Institute Inc., Cary, NC, USA) for Experiments 1-3. Differences between means were evaluated at 5% probability using a Tukey-Kramer procedure.
Results
Effect of Planting Depth and Planting Site
Effect of Planting Time and Sowing of IR
The missing plant rate and plant density of overwintered dwarf Napiergrass and the DM yield of dwarf Napiergrass and IR are shown in Table 2 (Experiment 2). In the November planting, the missing plant rate did not differ significantly between the control plot and IR-10 cm plot. Sowing of IR had a negligible effect on the emergence of dwarf Napiergrass in field production from cuttings. When planting was delayed to mid-December, the missing plant rate in the IR-10 cm plot did not differ significantly from the other two plots planted in November. The emerged plant density was maintained in a range of 2.9 to 3.8 plants/m 2 .
Comparing yields of IR and weeds, the triple-cut IR DM yield of the IR-10 cm plot in November and December plantings with sowing of IR were significantly higher than the weed yield of the control plot. No significant differences in the DM yield of dwarf Napiergrass existed among the three plots. The annual total DM yield in the IR-10 cm plot planted in December reached 24.0 Mg/ha, though it was inferior to the yields in the other two plots. Table 2 . Missing plant rate and emerged plant density of dwarf Napiergrass and dry matter (DM) yield of dwarf Napiergrass and Italian ryegrass (IR) in the spring following planting of cuttings at Shimabara (Experiment 2). 
Experimental
Labor
The effect of establishment method for dwarf Napiergrass on labor is shown in Table 3 . The labor for manual transplanting (control), engaging 7 persons, and for propagation of cuttings of dwarf Napiergrass in the winter season, engaging 2 persons, was 140 and 47.7 person h/ha, respectively. Thus, field propagation of cuttings reduced labor by 66%. 
Discussion
Knoll and Anderson [32] reported that autumn-underground planting of nine genotypes of Napiergrass in November led to shoot emergence in the following spring, although no shoot emergence was evident in the autumn they were planted in Tifton, GA, USA [32] . We observed the same phenomenon of shoot emergence of dwarf Napiergrass in the present study. In addition, dwarf Napiergrass grassland was successfully established by planting mature stem cuttings in Florida, USA in December [14] . The new establishment method for dwarf Napiergrass by sowing IR in the winter season using the same approach as for summer establishment of sugarcane in Kyushu, Japan proved successful in experimental fields over a two-year evaluation, confirming the effectiveness of field propagation of cuttings, which was also demonstrated in two beef cow-calf producer fields, including one on a remote island. Although the Goto site was located at the lowest altitude, the missing plant rate of dwarf Napiergrass at the site was higher than at both the Shimabara and Isahaya sites, with the exception of the IR-20 cm plot in Shimabara. Covering of the plants with soil in Goto was not completed due to rain at planting and the medium-coarse soil properties of the site, which presumably increased the missing plant rate compared to the other two sites, with the exception of the IR-20 cm plot in Shimabara.
The missing plant rate was higher at a 20 cm depth than at a 10 cm depth, which suggested the effectiveness of a 10 cm planting depth for dwarf Napiergrass stem cuttings that normally have more than 10 nodes. However, underground storage of one-node stem sections at depths of 10, 25 and 40 cm revealed that sections stored at 10 cm depth had the lowest plant emergence rate [28] . Iki et al. [28] temporarily stored one-node stem cuttings underground in the winter season to dig out in the following spring, recommending the 25 cm depth as leading to the highest emergence of nursery plants. On the other hand, in the current research, where stem cuttings were kept underground with no digging out and transplanting the following spring, a 10 cm depth is recommended, judging from the lowest missing plant rate. The difference in the optimum stored depth between the previous study [28] , which used one-node stem cuttings, and the current study using stem cuttings typically having more than 10 nodes might reflect the greater susceptibility of one-node stem cuttings to dehydration stress at the shallower depth. Knoll and Anderson [33] also reported that the emergence of Napiergrass were higher in 10-node sections than in sections with one or two nodes. Stem nodes of normal-type Napiergrass can be stored underground in the winter period when the minimum temperature is maintained above 5 • C [33] . While soil temperature was not monitored in the current study, stem cuttings stored at a 10 cm depth are expected to emerge the following spring if covering plants with soil was sufficient to keep soil temperature above 5 • C. Diurnal variation of temperature was presumably less in the underground soil than in the air. Since the length of stem cuttings may influence the viability of tiller buds, it is necessary to conduct more detailed experiments to investigate the emergence of dwarf Napiergrass from cuttings that overwintered in the field. The plant density the following spring ranged from 2 to 3.8 plants/m 2 in the current study, or a density of over 2 plants/m 2 . Ordinary manual transplanting typically leads to a density of 2 plants/m 2 [2, 5, 8, 34] , so the current method led to plant emergence comparable to other reports.
Utamy et al. [26] reported that transplanting of nursery plants of dwarf Napiergrass using a Welsh onion planter did not reduce labor compared to manual transplanting, possibly due to a limited area for transplanting. As shown in Table 3 , the labor in the current study showed a dramatic reduction (66%)
by propagating cuttings of dwarf Napiergrass in the winter, compared to manual transplanting. As the field propagation of dwarf Napiergrass in winter does not require the time-consuming preparation required by cell-tray nursery production [26, 27] , or a specific planting machine, such as a Napiergrass planter [25] , Welsh onion planter [26] , potato planter [27] or vegetable machine [27] , it appears simpler and more practical. Moreover, since this method is performed in the agricultural off-season, it is desirable both for its efficiency in decreasing the workload and for avoiding additional work in the hot summer season.
Repeated weed control is essential until the leaf canopy of dwarf Napiergrass is well established [35] . Though living mulch of IR led to a slight decrease in DM yield of forage maize (Zea mays L.), this method proved to be effective for weed control [36] . For dwarf Napiergrass cuttings planted in the winter, plant emergence should compete with weeds the following spring. However, as shown in Table 2 , sowing of IR when stem cuttings of dwarf Napiergrass are planted could suppress weed growth and produce herbage biomass in the following spring without disturbing the emergence of dwarf Napiergrass, which could lead to an annual forage production system. Total DM yield of an annual forage production system combining IR with dwarf Napiergrass in this region was determined to be 27-34 Mg/ha [1] . The current research revealed that a 10 cm depth of November planting of cuttings at the same time as sowing of IR led to a yield of up to 30 Mg/ha with a comparable contribution of dwarf Napiergrass and IR to annual yield, which was similar to the annual total DM yield of our previous research [1] .
Conclusions
Dwarf Napiergrass was established by planting stem cuttings with soil in the winter in the same way that sugarcane is established in the summer, yielding a plant density of over 2 plants/m 2 . Moreover, the technique proved to be a simple and labor-saving method, compared with manual or mechanical transplanting of nursery plants. Sowing of IR at the same time as planting cuttings of dwarf Napiergrass could control spring weed growth without disturbing emergence of the grass species, suggesting that a double cropping forage production system could be achieved in the region.
